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INTRODUCTION 
THE VALUE of grasses in obtaining an adequate cover for eroding land 
as well as providing pasture, hay, or seed has received increased 
attention during the past few years. Over-all adaptation of a grass to 
the soil and climate of the region is the first requisite to a proper choice 
of grasses for these purposes. From the standpoint of the use of a grass 
as hay or pasture, the prime consideration is the value of the grass as 
forage. Season of the year in which its growth occurs as well as yield 
and quality are very important. Amount and kind of root material 
and kind of sod produced are also important considerations in the 
selection and use of grasses for conservation purposes and in crop rota-
tion. This paper presents results of a five-year experiment conducted 
at the Agricultural Experiment Station, Lincoln, Nebraska, on the 
adaptation, yield, and quality of several grasses subjected to different 
frequencies of harvest as a means of determining their forage value. 
GENERAL ADAPTATION OF GRASSES 
GRASSES DIFFER greatly in their adaptation to the supply of moisture 
available for growth. During years of favorable moisture, one group 
of grasses may appear better adapted than another, whereas, during 
an unfavorable period attention is directed toward more drouth-
resistant or drouth-tolerant grasses (9 ).3 Grasses should b e selected 
which, over a period of years, will give the best insurance against feed 
shortages as well as fulfill the needs of soil conservation for a given 
region. 
1 Contribution from the Division of Forage Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, U. S. Dept. of Agriculture and the 
Department of kgronomy, Nebraska Agricultural Experiment Station cooperating. 
2 Agronomist, Division of Forage Crops and Diseases, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, U. S. Dept. of Agriculture and Chairman, De-
partment of Agronomy, Nebraska Agricultural Experiment Station. 
3 Numbers in parenthesis refer to Literature Cited, page 33. 
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Accordingly, not all of the objectives of seeding land to grass may 
be achieved by the use of any one species. Perhaps the best results 
may be expected through the use of grass mixtures or mixtures of grass 
and legume, when favorable combinations of these plants are known. 
This paper, however, is devoted to the study of grasses planted in pure 
stand in order to discover more easily their true nature. Ten of the 
most important grasses adapted to this region were compared under 
two frequencies of harvest by mowing to simulate haying and pasturing 
conditions. The investigation was conducted from 1939 through 1943, 
a period in which the rainfall was so distributed as to favor the produc-
tion of the cool-season grasses in some seasons and the growth of the 
warm-season grasses in others. 
COOL-SEASON AND WARM-SEASON GRASSES 
BECAUSE GRASSES differ greatly as to the season of the year in which 
they produce maximum vegetative growth, their classification on that 
basis, as cool-season or warm-season grasses, offers a feasible grouping 
for the discussion of methods and times of seeding as well as manage-
ment for haying and grazing. Other outstanding differences between 
these two groups of grasses will be developed. 
The cool-season grasses are those which begin growing early in the 
spring and make their maximum growth during the cool months. Most 
of such growth occurs before the hot weather of summer. Plants reach 
maturity with the production of seed during the early summer, and 
under favorable conditions vegetative growth may be resumed during 
the cool fall months. This group includes such grasses as the blue-
grasses, wheatgrasses, and bromegrass, as well as the common small 
grain cereals. 
The warm-season grasses begin growth later in the spring than the 
cool-season grasses. Growth is usually confined to the frost-free period 
of the growing season, with maximum production during the warm 
months when moisture is available. Seed production may occur early 
or indeterminately in this period or, in the case of certain long-season 
crops, only after a maximum of growth h as been attained toward the 
end of the growing season. The group of warm-season grasses includes 
the indetermi nate buffalograss and grama grasses, switchgrass, the 
mille ts, bluestems, sorghums, and corn. 
CHOICE OF GRASSES FOR THE EXPERIMENT 
INITIAL SEEDINGS were made during the spring of 1937. The choice 
of grasses included in the study was greatly influenced by the current 
moisture supply and by the preceding drouth years which had depleted 
the moisture supply of the su.bsoil. Throughout the period of 1930 to 
1943, in only three years did rainfall exceed the 67-year average of 
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26.95 inches at Lincoln, Nebraska. Monthly records of rainfall for the 
period 1936 to 1943, as compared with a 23-year average rainfall record 
kept at the Agronomy Farm, show periods of below normal rainfall 
which were important factors in the establishment and yields of the 
grasses in this experiment. (See Appendix A-Climatological Data, 
Tables 10 and 11.) 
Establishment of stands of certain grasses was further hindered by 
grasshopper damage. Spring and late summer seedings made in 1937 
were abandoned. Satisfactory stands of some of the grasses were 
obtained with spring seeding in 1938 but with others not until 1940. 
The failure of certain grasses which were unadapted to the existing 
conditions, made necessary a few changes in the initial list. This in-
vestigation deals chiefly with five cool-season grasses and five warm-
season grasses which appeared to be the best adapted grasses about 
which information was desired. 
The cool-season grasses on which data were obtained were brome-
. grass, Bromus inermis Leyss.; Kentucky bluegrass, Paa pratensis L.; 
standard crested wheatgrass, Agropyron cristatum (L.) Gaertn.; western 
wheatgrass, Agropyron smithii R ydb. ; and Russian wildrye, Elymus 
junceus Fisch. The last two of these grasses were not included in the 
initial seedings. Some information was obtained on orchardgrass, 
Dactylis glomerata L. All of these cool-season grasses are species intro-
duced into the United States from other countries, except the native 
western wheatgrass. 
Additional introduced grasses of cool-season growth habit included 
in the initial seedings were timothy, Phleum pratense L.; meadow 
fescue, Festuca elatior L.; and Victoria perennial ryegrass, Lolium 
perenne L., from Svalof, Sweden. Plots of Hardistan alfalfa, M edicago 
sativa L., and of bromegrass and alfalfa for comparison with brome-
grass seeded alone were also included in the initial seedings. 
The warm-season grasses were buffalograss, Buchloe dactyloides 
(Nutt.) Engelm.; blue grama, Bouteloua gracilis (H.B.K.) Lag.; side-
oats grama, Bouteloua curtipendula (Michx.) Torr.; switchgrass, Pani-
cum virgatum L.; and big bluestem, Andropogon furcatus Muhl. All 
of these warm-season grasses are native to the Great Plains region. 
Seed lots for making the plantings of the introduced grasses were 
obtained from commercial sources with the exception of the plantings 
of bromegrass and Russian wildrye in 1939-1940. Seed for this plant-
ing of bromegrass was obtained from a locally adapted old field which 
had been shown to be superior to bromegrass strains of northern origin 
(6). The seed lots of Russian wildrye and of the native grasses were 
furnished by the Soil Conservation Service Nurseries. These native 
grass strains came from the following sources: 
Western wheatgrass Nebr. 2705-Winner, South Dakota
6 
Blue grama 
Side-oats grama 
Buffalograss 
Switchgrass 
Big bluestem 
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Nebr. 2402-O'Neill, Holt County, Nebraska 
Nebr. 2409-Columbus, Platte County, Nebraska 
Nebr. 2011-Holdrege, Phelps County, Nebraska 
Nebr. 994-O'Neill, Holt County, Nebraska 
Nebr. 2416-Ravenna, Buffalo County, Nebraska 
METHODS OF INVESTIGATION 
THE GRASS PLOTS were planted on the Agronomy Farm, northeast of 
Lincoln, Nebraska, on a gentle, east-facing slope of Butler silty clay 
loam soil. They were arranged in six blocks, each of which consisted 
of two complete replications of 15 plots, making a total of 12 plantings 
of each grass. The two replications of plots within each block received 
different mowing treatments throughout the five-year period, 1939 to 
1943. Considered as a split-plot design for mowing treatment, the 
greater precision of measurement was thrown on the comparisons of 
the several grasses within each of the mowing treatments and the • 
lesser precision was placed on the over-all effects of mowing treatment. 
The plots were 70 feet long and seven and one-half feet wide with 
one and one-half foot borders kept cultivated during the initial years 
of the experiment. The plots were mowed with a push-type garden 
tractor mower with a catching pan attached, cutting a swath of four 
and one-half feet. Tall grasses were mowed to a height of three inches 
and short grasses, including bluegrass, blue grama, and buffalograss, 
were mowed to a height of one inch. 
Plots in one series of six replications, a replication from each block, 
were mowed once a year to determine the hay yields at the approxi-
mate time of maximum production for each grass. This treatment 
resulted in cutting the different grasses at two different dates. Cool-
season grasses were usually harvested as hay at about the time of pol-
lination or early seed formation during the first part of June. Warm-
season grasses were harvested at varying dates later in the summer 
depending on the particular season. 
Plots in the other series of six replications, a replication from each 
block, were mowed several times throughout the growing season to 
simulate grazing. This treatment amounted to cutting the grasses at 
approximately monthly intervals during their growing season if suffi-
cient moisture was available to produce growth during these periods. 
Actually, the plots were cut only from three to five times per season. 
Under these conditions, the several grasses were usually kept in a stage 
of succulent growth without allowing the vegetation to mature or the 
plants to produce seed. 
Calculations of yields were made from field weights of plots and from 
moisture determinations from samples dried in an oven at approxi-
mately 105°C. for 48 hours or longer. Moisture samples of a given 
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grass were taken on three or more of a series of six plots in a mowing 
treatment. In many instances samples were taken on all of the plots. 
Since there is no suitable arbitrary point at which moisture determina-
tions of yields simulating grazing conditions could be fixed, the yield 
determinations are reported on a moisture-free basis. Determinations 
of protein yield per acre were computed directly from the percentage 
of crude protein in a given cutting. 
Nitrogen determinations of the samples from each of the cuttings 
were made on 11 grasses and alfalfa by the modified Gunning method. 
The nitrogen content was multiplied by 6.25 to determine the per-
centages of crude protein in the samples. 
Statistical analyses of the data were made on the interpretation of 
the plot arrangement as a split-plot design. (See Appendix B-Statisti-
cal Data, Tables 12 and 13.) Errors (a) were used for the evaluation of 
the over-all effect of mowing treatment; errors (b) were used for the 
calculations of significant differences among the yields of grasses in the 
same treatment; and a combination of errors (a) and (b) was used for 
the evaluation of significant differences among yields of grasses m 
different mowing treatments as described by Cochran and Cox (1 ). 
RESULTS OF THE EXPERIMENT 
Establishment of Stands 
INITIAL PLANTINGS in the spring of 1937 were of 12 plots each of 
five warm-season grasses, seven cool-season grasses, alfalfa, a mixture 
of bromegrass and alfalfa, and an extra series of bromegrass plots as 
an additional check. The two complete series of bromegrass plots, 
referred to in tables as bromegrass-A and bromegrass-B, constitute an 
interesting comparison in variability throughout the experiment. 
Plantings were made on land previously planted to soybeans. This 
entire seeding was lost because of lack of moisture during the latter 
part of June and a severe attack of grasshoppers during early summer. 
Grasshoppers showed a decided preference for certain grasses. Their 
order of choice appeared to be: crested wheatgrass, bromegrass, tim-
othy, orchardgrass, and meadow fescue. The other grasses were 
scarcely eaten but alfalfa was entirely destroyed. The land was pre-
pared again in July and the introduced cool-season grasses were re-
seeded in the fall of 1937 but adequate stands were not obtained. 
The entire series of plots was reseeded during the spring of 1938. 
All of the introduced cool-season grasses were planted on March 23. 
Seed was broadcast by hand and raked to cover, and the plots were 
rolled once with a corrugated land roller. Warm-season grasses and 
alfalfa were seeded in April. Big bluestem and switchgrass plots were 
seeded April 12 with a Columbia drill in 12-inch rows, the seed being 
covered at approximately one-half inch depth. Side-oats grama and 
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blue grama plots were seeded April 19 with an improvised drill which 
left the chaffy seeds in shallow furrows five inches apart. The seed 
was covered to approximately one-fourth inch by hand raking. Buffa-
lograss plots were started from seedlings grown in the greenhouse, 
because of the unavailability of large amounts of seed at that time. 
These seedlings were grown in individual containers and later planted 
in the field on May 24. They were spaced in the plots in rows two 
feet apart, staggered at two-foot intervals within the rows. 
Good to excellent stands were obtained from the spring seedings in 
1938. By July 20 most of the available moisture h ad been utilized and 
the introduced grasses h ad dried badly but were still alive. Crested 
wheatgrass h ad completely dried up and looked the poorest of all of 
the introduced grasses. Meadow fescue and perennial ryegrass were 
badly dried and timothy, Kentucky bluegrass, and bromegrass seed-
lings were in bad condition with only a few green shoots . The alfalfa 
plants had been stripped of leaves by grasshoppers; orchardgrass re-
mained fairly green and appeared in the best condition. 
In contrast to the introduced grasses, the native warm-season grasses 
made a vigorous growth during the summer months. Since they grew 
more slowly in early spring and were spaced-planted, some moisture 
was conserved . The hot season, being their normal time of growth , 
gave them considerable advantage over the cool-season grasses. Al-
though the two gramas in five-inch rows showed some moisture short-
age by the drying of leaves, the buffalograss, switchgrass, and bluestem 
remained green and vigorous (Fig. 1 ). Buffalo grass seemed unaffected 
by the hot dry weather and made an average spread of 18 inches; the 
gramas reached a height of two to three inches; the bluestem, six 
inches; and the switchgrass, eight inches. Good stands of these grasses 
were accordingly available for the determination of yields in 1939. 
All of the grasses responded to a rain of one and one-half inches on 
August 14, 1938. Because of their poor growth during warm seasons, 
crested wheatgrass, meadow fescue, and perennial ryegrass made the 
least development. Cres ted wheatgrass, bromegrass, and timothy were 
badly ea ten by grasshoppers and the alfalfa was completely d estroyed. 
Orchardgrass appeared to be the best introduced grass at the time, 
since it grows relatively well during warm weather and was eaten 
sparingly by grasshoppers. Stands of some of the introduced grasses 
and all of the alfalfa were lost in the following dry fall months. Stands 
of bromegrass, Kentucky bluegrass, and orchardgrass were sufficiently 
good to be included in the mowing treatments begun in 1939. 
Attempts to replace the stands lost by drouth and grasshopper attack 
were made again in the fall of 1938 and the spring of 1939 without 
great success. Perennial ryegrass was dropped from consideration in 
these plantings. With the late summer seedings of 1939, meadow 
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FIG. 1.-Plots of big bluestern (left eight rows) and switchgrass (right eight rows) 
in a seedling stage during establishment in rows. Photographed in June, 1938. 
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fescue and timothy were also discarded from the list, with the substi-
tution of Russian wildrye, the native western wheatgrass, and another 
planting of bromegrass. Stands were eventually obtained by a com-
bination of late summer seedings in 1939 and spring seedings in 1940, 
the 1939 seedings being only partially successful because of a fall 
drouth period. 
Seedings made for establishment of stands during the fall of 1939 
and the spring of 1940 included a series of 12 plots each of bromegrass, 
crested wheatgrass, western wheatgrass, Russian wildrye, alfalfa, and a 
bromegrass-alfalfa mixture. In these series of plots the pure stands 
were all seeded in rows approximately 12 inches apart. In the brome-
grass-alfalfa mixture, the alfalfa was seeded between the 12-inch spac-
ings of bromegrass. This resulted in two similar series of bromegrass 
plots, referred to in tables as bromegrass-1 , seeded with alfalfa, and 
bromegrass-2 seeded alone. Alfalfa in mixture with grass, since it 
consisted of a small percentage of the foliage in seedling stages, was 
always subjected to more severe grasshopper attack than when seeded 
alone in large fields. Accordingly, it was never a factor in adding to 
the forage yield or to the nitrogen level of this particular series of 
plots. Only partial stands of alfalfa, unsuited for yield determinations, 
were maintained against grasshopper attack on the pure-stand plots of 
alfalfa during these years, the results being comparable to the attack 
of the insects along the borders of larger fields. These "alfalfa" plots 
10 RESEARCH BULLETIN 150 
were not comparable to the grass plots for securing yield data. They 
were of value only for obtaining small samples of alfalfa as checks on 
the protein determinations of the grasses, since stands were poor and 
the plots were very weedy. Later, these weedy plots served as im-
portant checks on the evaluation of the effects of the grass sods on the 
characteristics of the soil and yields of the subsequent crop. 
Weed competition, as well as drouth, was a serious factor in the 
establishment of the stands. During the season of 1939 the most serious 
weeds were the foxtails (Setaria spp.). In 1940, which was the begin-
ning of a series of more favorable years as regards rainfall and soil 
moisture, the plots suffered even more from weed competition than 
in 1939. This competition was chiefly from a severe infestation of 
fireweed (Kochia scoparia L.) produced from seed of plants blown 
across the plots from the stubble ground of an adjacent field. In order 
to obtain comparable yields the weeds were removed by hand labor. 
Plots of blue grama and bromegrass were least affected by such weed 
competition. Subsoil moisture was still not restored to the point of 
furnishing moisture for both grass and weeds. As the subsoil moisture 
was restored and lack of moisture became less of a limiting factor in 
the succeeding years, the plots were subjected to competition from 
weeds of both cool-season and warm-season characteristics of growth. 
Once established, many of the grasses maintained good stands against 
weed competition. 
Seasonal Production of the Grasses 
Yields in 1939.-Stands of eight grasses were established by the seed-
ing in 1938. These plots were not harvested during their first year of 
growth. In 1939, hay and pasture yields were obtained from plots of 
the eight different grasses and from one additional series of bromegrass 
plots, as previously described. These yields are given in Table I in 
the order of production in each of the two mowing treatments. Six 
replications of bromegrass and Kentucky bluegrass plots were mowed 
once in late May for the determination of hay yields and six additional 
replications of plots were mowed twice during the season for determin-
ing yields simulating pasture conditions. The plots did not produce 
enough growth during a dry summer period to warrant more frequent 
clipping. Plots of the warm-season grasses were mowed similarly three 
times as pasture and once in late August for obtaining hay yields. 
Switchgrass gave the highest yields per acre of all of the grasses under 
each of the mowing treatments. Buffalograss was second in the plots 
cut once as hay but was exceeded by switchgrass, big bluestem, blue-
grass, and one series of bromegrass plots when harvested more fre-
quently. Difference in yields between the two sets of buffalograss plots 
may be ascribed to the slowing up of the establishment of these plots by 
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the more frequent mowing while the spaced plants were still filling in 
the stand. Bromegrass and bluegrass gave mediocre yields in this first 
year of the tests. The gramas gave the lowest yields except for orchard-
grass, the yields of which were obtained from three replications in each 
of the mowing treatments. Other orchardgrass plots had stands too 
poor to be harvested. Although good initial stands of this grass can 
usually be obtained, stands have never persisted into the second grow-
ing season. Accordingly, the plots were not harvested for yields in the 
succeeding years but were mowed only for weed control. 
TABLE 1.-Forage production of three cool-season grasses and five warm-season grasses 
at Lincoln, Nebr., in 1939. Yie lds obtained from plots mowed once for hay and 
from plots mowed several times, simulating grazing. Plots in their second year 
of production. 
Yields per acre on a moisture.free basis 1 
Grass Dates of cutting I \ Relative 
May June I July I Aug. I Aug. I Total to brome· 29 14 17 14 30 grass 2 
Ll>s. Lbs. Lbs. Lbs. Lbs. Lbs. Tons Pct . 
Hay Yields 
Switchgrass 2870 2870 1.44 195 
Buffalograss 2730 2730 1.37 185 
Bromegrass (B) 1530 1530 0.77 104 
Bromegrass (A) 1420 1420 0.71 96 
Big blues tern 1340 1340 0.67 91 
Kentucky bluegrass 1050 1050 0.53 72 
Side-oats grama 920 920 0.46 62 
Blue grama 870 870 0.44 59 
Orchardgrass 3 255 255 0.13 18 
Average of hay yields. 0.80 
Pasture Yields 
Switchgrass 1290 990 160 2440 1.22 157 
Big bluestem 840 710 210 1760 0.88 114 
Bromegrass (B) 1450 260 1710 0.86 111 
Kentucky bluegrass 1010 650 1660 0.83 107 
Buffalograss 700 620 180 1500 0.75 97 
Bromegrass (A) 1175 210 1385 0.69 89 
Side-oats grama 1230 40 1270 0.64 83 
Blue grarua 490 150 640 0.32 40 
Orchardgrass 3 290 370 660 0.33 43 
Average of pasture yields . 0.77 
Differences in average yields within the same mowing treatment less than the follow-
ing are not considered significant: 
At the 5 per cent level 0.24 ton 
At the 1 per cent level .. 0.32 ton 
dr~~\~er~tiot~lds of six replications (except for orchardgrass) computed from moisture samples 
2 Average bromegrass yields in each clipping treatment taken as JOO. 
3 Average of three replications, of orchardgrass . These data are not included in the statistical 
analyses nor in the averages of yields by mowing treatment. 
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Yields in 1940.-Hay and pasture yields of seven grasses in their third 
year of production are reported in Table 2. The bromegrass and blue-
grass plots were mowed in late May and the warm-season grasses in 
early September for hay yields. Clipping of the two cool-season grasses 
was begun the first week in May and four clippings were obtained, 
whereas only two clippings were made of the warm-season grasses on 
the plots handled to simulate pasturing conditions. 
Blue grama gave the highest yields of the grasses harvested for hay, 
with buffalograss and bromegrass ranking second and third, respec-
tively. The relatively high yield of blue grama as hay compared to 
pasture may · be ascribed to an accumulation of root reserves in the 
plots with deferred clipping as hay the previous year. The yield of 
blue grama harvested as pasture remained r elatively low, although 
double that of the previous year. Very little aftermath growth was 
TABLE 2.-Forage production of two cool-season grasses and five warm-season grasses 
at Lincoln, Nebr., in 1940. Yields obtained from plots mowed once for hay and 
from plots mowed several times, simulating grazing. Plots in their third year 
of production. 
Yields per acre on a moisture~free basis 1 
Grass Dates of cutting I f Relative 
M4ay I May June I 121y I Aug. Set. I Total to brom.e-31 ·,25 30 grass 2 
Lbs. Lbs. L bs. Lbs. Lbs. Lbs. Lbs. Tons Pct. 
H ay Yields 
Blue grama 2330 2330 1.17 141 
Buffalograss 2070 2070 1.04 125 
Bromegrass (A) 1800 1800 0.90 108 
Bromegrass (B) 1520 1520 0.76 92 
Big bluestem 1230 1230 0.62 75 
Kentucky bluegrass .. 11 50 1150 0.58 70 
Side-oats grama 620 620 0.31 37 
Swi tchgrass 340 340 0.17 21 
Average of hay yields 0.69 
Pas ture Yields 
Bu ffalograss 1310 1070 2380 1.19 128 
Bromegrass (B) 320 1070 60 530 1980 0.99 106 
Bromegrass (A) 150 980 70 540 1740 0.87 94 
Blue grama 1220 80 1300 0.65 70 
Big bluestem 320 680 1000 0.50 54 
Kentucky bluegrass 160 340 140 60 700 0.35 38 
Side-oats grama 200 500 700 0.35 38 
Switchgrass 320 220 540 0.27 29 
Average of pasture yields 0.65 
Differen ces in average yields within the same mowing trea tment less than the follow-
ing are not considered significant: 
At the 5 per cent level.. 
At the I per cent level .. 
1 Averages of six replications. 
2 Average bromegrass yields in each clipping treatment taken as 100. 
0.22 ton 
0.29 ton 
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FIG. 2.-Plots of bromegrass and buffalograss photographed May 10, 1941, show-
ing the contrast between grasses of cool-season and warm-season growth 
habits . The bromegrass had produced a large proportion of its seasonal 
growth; the buffalograss had just begun to grow in this series of plots to be 
harvested as hay. 
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made in the pasture plots of blue grama after the first clipping. This 
may be a further indication of poor root development caused by clip-
ping the previous year, which in this instance was associated with an 
early summer drouth period in 1940. 
Buffalograss gave the highest yields of all the grasses in 1940, when 
harvested simulating pasture conditions. Once established, this grass 
does well under close and frequent clipping, as might be expected from 
its behavior under close grazing (9). The relatively high yield, how-
ever, should also be interpreted in the light of the relatively low yield 
from the same plots in the previous year. This may have made avail-
able more moisture and nutrients for rapid growth early in 1940. Both 
blue grama and buffalograss did relatively well under the drouthy 
conditions of this particular year. 
On the other hand, big bluestem, Kentucky bluegrass, side-oats 
grama, and switchgrass ranked fourth, fifth, sixth, and last, respectively, 
in these tests both as hay and pasture. This rank in yield was due to 
the effects of weed competition and the limited amount of moisture 
available during their optimum period of growth. Bromegrass, in 
contrast, retained its relative position because of its cool-season habit 
of growth, in this instance escaping to some extent the effects of both 
weed competition and drouth. 
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TABLE 3.-Forage production of five cool-season grasses and five warm-season grasses 
at Lincoln, Nebr., in 1941. Yields obtained from plots mowed once for hay, and 
from plots mowed several times simulating grazing. Plots in the second and in 
the fourth year of production. 
Yields per acre on a moisture.free basis 
Grass Dates of cutting 
I 
I Relative 
May Ju,ne I June I July July Total to brorne-6 14 II 24 _grass 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Tons Pct . 
Hay Yields 
Plots in second year of production 
Bromegrass (1) 4070 4070 2.04 101 
Bromegrass (2) 3980 3980 1.99 99 
Crested wheatgrass 3580 3580 1.79 89 
Western wheatgrass 2300 2300 1.15 57 
Russian wildrye 1375 1375 0.69 34 
Plol~ in fourth year of production 
Bromegrass (A) 4380 4380 2.19 103 
Bromegrass (B) 4160 ,1160 2.08 97 
Bu ffalograss 2535 2535 1.27 59 
Kentucky bluegrass 2425 2425 1.21 57 
Big bluestem 2130 2130 1.07 50 
Switch grass 1820 1824 0.91 43 
Blue grama 1480 1480 0.74 35 
Side-oats grama 925 925 0.46 21 
Average of hay yields .. 1.35 
Pasture Yields 
Plots in second year of production 
Bromegrass (2) 2470 350 160 2980 1.49 102 
Bromegrass ( 1) 2190 430 220 2840 1.42 98 
Crested wheatgrass 1755 730 55 2540 1.27 88 
Western wheatgrass 850 1220 50 2120 1.06 72 
Russian wildrye 490 470 45 1005 0.50 34 
Plots in fourth year of production 
Bu ffalograss 2260 740 3000 1.50 123 
Bromegrass (B) 1370 1115 70 2555 1.28 104 
Bromegrass (A) 1180 1060 95 2335 1.17 96 
Big bluestem 1370 525 1895 0.95 78 
Kentucky bluegrass 400 575 180 1155 0.58 48 
Blue grama 665 355 1020 0.51 42 
Side-oats grama 545 280 825 0.41 34 
Switchgrass 455 280 745 0.37 30 
Average of pasture yields .. 0.96 
Differences in average yields within the same mowing treatment less than the follow-
ing are not considered significant: 
At the 5 per cent level 0.26 ton 
At the. 1 per cent le:v.el.. .. 0.34 ton 
Differences in average yields in different mowing treatments less than the following 
are not considered significant: 
At the 5 per cent level 0.29 ton 
At the l per cent level 0.39 ton 
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Yields in 1941.-A cool moist spring, following an accumulation of 
moisture during the previous fall months, favored the growth of the 
cool-season grasses in 1941. Growth of the warm-season grasses and 
revival of the cool-season grasses in late summer were retarded by mid-
summer drouth. Because of the more favorable moisture conditions 
of this year, the plots gave a more representative yield than in the 
previous years in which the grasses were still becoming established. 
Yields were obtained on four grasses in their second year of production. 
They had been established in the fall of I 939 and in 1940, but no 
yields had previously been obtained. Yields were also d etermined on 
the seven grasses in their fourth year of production. These results are 
given in Table 3. 
Bromegrass gave the highest yields of any of the cool-season grasses 
in their second year of production, harvested either as hay or pasture 
(Fig. 2). These yields were followed, respectively, in both mowing 
treatments by the somewhat lower yields of crested wheatgrass, western 
wheatgrass, and Russian wildrye (Figs. 3, 4, and 5). 
Bromegrass gave the highest yields in plots in their fourth year of 
production when cut once during the year as hay but was exceeded by 
buffalograss when cut more frequently to simulate grazing. Kentucky 
bluegrass gave the lowest yields of the cool-season grasses. Big blue-
F IG. 3.- Plots of bromegrass and blue grama showing relative growth of a coo/-
season and a warm-season grass on May JO, 1941 . A plot of crested wheat-
grass on the right gives yield comparison with that of bromegrass in a series 
of plots to be harvested as hay. 
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stem, blue grama, side-oats grama, and switchgrass gave m ediocre yields 
becau se of the summer drouth which prevented them from making a 
continuation of growth through la te summer. 
Yields in 1942.-Th e plots in 1942 had r each ed their third and fifth 
year of production , although with many of the grasses no exceptionally 
high yields had ye t been ob tained because of the operation of on e or 
more unfavorable factors . Durin g the fall of 1941 and the months of 
March, May, June, and September of 1942, rainfall was above normal. 
Favorable facto rs acting together p rodu ced some of the high est yields 
o f the experimen t (Table 4). 
The cool-season grasses in their third year gave ver y high yields, 
averag ing 2.45 tons of dry matter p er acre cut as hay and 1.82 tons 
wh en cut more frequently as pasture. Bromegrass gave the highest 
yields, producing slightly over three tons of dry matter p er acre for 
h ay as compared with a little over two tons p er acre from the frequen t 
clipp ings (T a ble 4) . The several grasses in this group m aintained 
their relative yields of the previous year when h arvested as h ay, 
although Russi an wildrye, which showed no effect of decreased yield 
from the more frequent clipping treatment, gave a slightly higher 
yield tha n th e wheatgrasses when harvested as pas ture clippings. 
O lder plots o f bromegrass gave somewh at lower yields than those in 
the first gro up, sin ce they had no doubt passed their peak of produc-
tion. These plots in their fifth year of production still gave th e highes t 
FIG. western wheatgrass plot between two plots of bromegrass, photo-
graphed May JO, 1941, before being harvested as hay. 
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TABLE 4.-Forage production of five cool-season grasses and five warm-season grasses 
at Lincoln, Nebr., in 1942 from plots in the third and in the fifth year of pro-
duction . 
Yi elds per acre on a moi sture-free basis 
Grass Dates of cutting I Relative 
Mgy I Jute J July I July I Sept. Total to brom,e-JO 31 22 grass 
Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Tons Pct. 
Hay Yields 
Plots in the third year of production 
Bromegrass (l ) 6200 6200 3.10 102 
Bromegrass (2) 5890 5890 2.95 98 
Crested whea,tgrass 4690 4690 2.35 78 
Western wheatgrass 3930 3930 1.97 65 
Russian wildrye 3760 3760 1.88 62 
Plots in the fifth year of production 
Bromegrass (A) 4620 4620 2.31 101 
Bromegrass (B) 4550 4550 2.28 99 
Big bluestem 4090 4090 2.05 89 
Blue grama 3700 3700 1.85 80 
Kentucky bluegrass 3170 3170 1.59 69 
Buffalograss 2600 2600 1.30 57 
Side-oats gram a 2480 2480 1.24 54 
Swi tchgrass 2240 2240 1.12 49 
Average of hay yields .. 2.00 
Pasture Yields 
Plots in the third year of production 
Bromegrass ( l ) 1360 1210 1130 580 4280 2.14 103 
Bromegrass (2) 1400 1020 1100 510 4030 2.02 97 
Russian wildrye 1640 910 650 560 3760 1.88 90 
Crested wheatgrass 1360 940 580 250 3160 1.58 76 
Western wheatgrass 770 1880 350 3000 1.50 72 
Plots in the fifth year of production 
Big bluestem 1040 2400 3440 1.72 104 
Bromegrass (B) 1330 1050 700 320 3400 1.70 102 
Bromegrass (A) 1280 1060 570 310 3220 1.61 97 
Blue grama 1240 1540 420 3200 1.60 97 
Buffalograss 1120 1360 590 3070 1.54 93 
Kentucky bluegrass 890 770 810 490 2960 1.48 89 
Side-oats grama 520 1280 700 2500 1.25 75 
Swi tchgrass 120 810 930 0.47 28 
A ve.rage of pasture yields 1.58 
Differences in average yields within the same mowing treatment less than the follow-
ing are not considered significant: 
At the 5 per cent level.. ........ .. ....................... .. 0.35 ton 
At the 1 per cent level... .... 0.47 ton 
Differences in average yields in different mowing treatments less than the following 
are not considered significant: 
At the 5 per cent level .. ............ ... ... 0.36 ton 
At the 1 per cent level . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... O .48 ton 
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yields in this group when cut once a year; because of the highly signifi-
cant effects of the more frequent clipping treatment in decreasing their 
yields, they were exceeded slightly by the yield of big bluestem when 
compared under the more frequent mowing treatment. Kentucky 
bluegrass gave good yields but these were exceeded in 1942 by the other 
cool-season grasses. 
Among the warm-season grasses, big bluestem for the first time gave 
yields exceeding those of the other warm-season grasses and the brome-
grass plots which were reduced in yield by frequency of harvest. The 
availability of moisture for growth of this grass throughout the summer 
season as well as the age of the plots were factors responsible for these 
increased yields. Although big bluestem is somewhat slow in estab-
lishment, it appears to have potentialities for producing yields higher 
than any of the other grasses in this experiment (Figure 6) . 
Blue grama ranked next to bromegrass and big bluestem in the five-
year-old plots when harvested either as hay or as pasture clippings, 
exceeding the yields of buffalograss, bluegrass, side-oats grama, and 
switchgrass (Fig. 7). Although buffalograss gave yields very similar to 
those of the previous year, this short grass did not produce yields equal 
to those of the taller grasses in a year when moisture was not a limiting 
factor. Switchgrass again gave the lowest yields because of a continued 
FIG. 5.-Plots of Russian wildrye (left) and big bluestem (right) on May 10, 1941, 
before being cut as hay. A bromegrass hay plot is on the extreme right. 
The bromegrass on the left is in a rejJlication of plots clipped earlier to 
simulate harvesting as pasture. 
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FIG. 6.-A plot of big bluestem photographed in July, 1942, before being cut 
as hay. 
FIG. 7.- Blue grama harvested as a hay crop in July, 1942. Mowing and weigh-
ing equipment are shown in the background. 
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loss of stand and the effect of weed competition under the conditions 
of this experiment. 
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TABLE 5.-Forage production of five cool-season grasses and five warm-season grasses 
at Lincoln, Nebr., in 1943 from plots in the fourth and in the sixth year of pro-
duction. 
Yields per acre on a moisture-free basis 
Grass Dates of cutting 
May I June I July 
14 17-18 27-29 
Total I Relative to brome-
grass 
Lbs. Lbs. 
Hay Yields 
Plots in the fourth year of production 
Bromegrass (2) 
Bromegrass (I) 
Crested wheatgrass 
Western wheatgrass 
Russian wildrye 
Plots in the sixth year of production 
Big bluestem 
Side-oats grama 
Blue grama 
Kentucky bluegrass 
Bromegrass (A) 
Bromegrass (B) 
Switchgrass 
Buffalograss 
Average of hay yields 
3180 
2950 
2750 
2320 
1480 
2680 
2370 
2340 
Pasture Yields 
Plots in the fourth year of production 
Bromegrass (I) 475 
Bromegrass (2) 370 
Western wheatgrass 510 
Crested wheatgrass 660 
Russian wildrye 320 
Plots in the sixth year of production 
Big bluestem 
Blue grama 
Buffalograss 
Side-oats grama 
Bromegrass (A) 320 
Bromegrass (B) 355 
Kentucky bluegrass 420 
Switchgrass 
Average of pasture yields .. 
1285 
1330 
1310 
860 
640 
1940 
1640 
1450 
915 
1220 
1135 
875 
175 
Lbs. 
4490 
3115 
2770 
1810 
880 
300 
290 
40 
70 
360 
1290 
955 
970 
1045 
240 
220 
295 
125 
Lbs. 
3180 
2950 
2750 
2320 
1480 
4490 
3115 
2770 
2680 
2370 
2340 
1810 
880 
2060 
1990 
1860 
1590 
1320 
3230 
2595 
2420 
1960 
1780 
1710 
1590 
300 
Tons 
1.59 
1.48 
1.38 
1.16 
0.74 
2.25 
1.56 
1.39 
1.34 
1.19 
1.17 
0.91 
0.44 
1.28 
1.03 
1.00 
0.93 
0.80 
0.66 
1.62 
1.30 
1.21 
0.98 
0.89 
0.86 
0.80 
0.15 
0.94 
Pct. 
104 
96 
90 
75 
48 
191 
132 
11 8 
114 
101 
99 
77 
37 
101 
99 
91 
78 
65 
184 
148 
138 
111 
102 
98 
91 
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Differences in average yields within the same mowing treatment less than the follow-
ing are not considered significant: 
At the 5 per cent level 0.25 ton 
At the 1 per cent level.. 0.33 ton 
Differences in average yields in different mowing treatments less than the following 
are not considered significant: 
At the 5 per cent level.. 0.25 ton 
At the I per cent level. 0.33 ton 
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Yields in 1943.-Because of the relatively dry spring, no exceptionally 
large yields were obtained from the cool-season grasses (Table 5). The 
plots in their fourth year of production had apparently passed their 
peak of production in the previous year. In this group, bromegrass gave 
the best hay and pasture yields, followed in order by crested wheatgrass, 
western wheatgrass, and Russian wildrye as hay. Since western wheat-
grass did not give significantly different yields in the two mowing 
treatments, as did crested wheatgrass, it ranked above crested wheat-
grass in pasture yields. Russian wildrye gave rather poor yields in 
both mowing treatments in its fourth year. Plots of the cool-season 
grasses, bromegrass and bluegrass, also gave mediocre yields in their 
sixth year of production. Apparently all of these grasses had passed 
their peak of production, and in a dry spring both nitrogen and mois-
ture were limiting factors to their producing a high yield. 
In contrast to these yields, the warm-season grasses gave an excellent 
response to the high rainfall in June and July. Big bluestem gave a 
yield of 2.25 tons of dry matter per acre when harvested once in July 
for hay and 1.62 tons from the pasture clippings. These hay and pas-
ture yields were 91 and 84 per cent higher, repsectively, than the yields 
of bromegrass plots of the same age and in the same mowing treatment. 
Side-oats grama also gave its highest yields in the experiment, 1.56 tons, 
when harvested as hay, a yield 32 per cent higher than the yield of 
bromegrass plots of similar age and treatment. Blue grama gave yields 
18 and 48 per cent higher than bromegrass harvested as hay and pas-
ture, respectively. Buffalograss again outyielded bromegrass under 
frequent clipping but gave the lowest yields among the plots cut only
once a year for hay, because of the shading effect of weed competition. 
Switchgrass gave the lowest yields of the experiment in the frequently 
cut plots, due chiefly to loss of stand. 
From these yields it appeared that the plots had reached their peak 
of productivity in either the 1942 or the 1948 harvests. The plots were 
allowed to recover from the mowing treatments during the fall of 1943 
and during the spring of 1944. They were harvested only once during 
1944. Samples were taken from the different grass sods for the determ-
ination of root yields and the effects of the different grasses on the 
physical and chemical properties of the soil. The field was subsequently 
plowed and planted uniformly to a crop of wheat. 
Effect of Mowing Treatment on Total Yield 
A SUMMARY is presented in Table 6 of total yields of the several 
grasses harvested once a year as hay or several times during the season 
to simulate grazing. Averages of the total annual yields of the grasses 
for hay and pasture are also given for the five-year period, 1939 to 1943, 
and for the three-year period, 1941 to 1943, in which all of the species 
were compared. 
N) 
TABLE 6.-Summary of the yields per acre produced by forage grasses harvested by mowing once a year as hay or several times a year N) 
simulating pasturing during five growing seasons, 1939 to 1943. 
Hay and "pasture yields I Hay and pasture averages 
Relative 
all p lots Grass I I I !939 1940 1941 1942 1943 5-year 3-year 5- r. 3- r. 
Tons Ton s Ton s Tons Tons T ::m.s Pct.1 Tons Pct.1 Pct .1 Pct.1 
Plots established in 1939-1940 
Bromegrass (1) Hay 2.04 3.10 1.48 2.21 101 
Pasture 1.49** 2.14** 1.03** 1.55*" 102 101 
Bromegrass (2) Hay 1.99 2.95 1.59 2.18 99 ~ Pasture 1.42** 2.02** 1.00** 1.48*" 98 99 
"' 
Crested wheatgrass 1.79 1.84 84 "' Hay 2.35 1.38 >
" Pasture 1.28*" 1.58*" 0.80** 1.22** 81 82 C"l :i: 
W'estern wheatgrass Hay 1.15 1.97 1.16 1.43 65 ~ 
. Pasture 1.06 l .50* 0.93 1.16* 77 70 c:: t-
t-
Russian wilclrye Hay 0.69 1.88 0.74 1.10 50 ::i 
Pasture 0.50 1.88 0.66 1.01 67 57 z 
-Plots esta bl is heel in 1938 '-" 0 
Bromegrass (A) Hay 0.71 0.90 2.20 2.31 1.19 1.46 102 1.90 102 
Pasture 0.69 0.87 1.17** 1.61 *" 0.89* 1.05** 95 1.22** 98 99 100 
Bromegrass (B) Hay 0.77 0.76 2.08 2.28 1.1 7 1.41 98 1.84 98 
Pasture 0.86 0.99 1.28** 1.70** 0.86* 1.14** 105 1.28** 102 101 100 
Big bluestem Hay 0.67 0.62 1.07 2.05 2.25 1.33 93 1.79 96 
Pasture 0.88 0.50 0.95 1.72 1.62** 1.13* 103 1.43** 114 98 103 
Buffalograss Hay 1.37 1.04 1.27 1.30 OM I.OS 75 1.00 53 
Pasture 0.75 1.19 1.50 1.54 1.21 ** 1.24 11 3 1.42** 11 4 92 78 
Blue grama Hay 0.4'1 1.17 0.74 1.85 1.39 1.12 78 1.33 71 
Pasture 0.32 0.65 0.51 1.60 1.30 0.88* 80 1.14 91 79 79 
TABLE 6 (Con tinued). 
I Hay and pasture yields I H ay and pasture averages Grass 1939 1940 I 1941 I 1942 I 1943 I 5-year I 3-ycar 
Tons Tons Tons T ons Tons T ons Pct.1 Tons Pct.1 
Plots established in 1938 (continued). 
Kentucky bluegrass Hay 0.53 0.58 1.21 1.59 1.34 1.05 73 1.38 74 
Pasture 0.83 0.35 0.58"" 1.48 0.80"" 0.81" 74 0.95"" 76 
Side-oats grama Hay 0.46 0.31 0.46 1.24 1.56 0.76 53 1.09 58 
Pasture 0.64 0.35 0.41 1.25 0.98"" 0.73 67 0.88" 70 
Switch grass Hay 1.44 0.17 0.91 1.12 0.91 0.91 63 0.98 52 
Pasture 1.22 0.27 0.37"" 0.47*" 0.15"" 0.49*" 45 0.33"" 26 
Grand averages Hay 0.80 0.69 1.35 2.00 1.28 1 .22 1.54 
Pasture 0.77 0.65 0.96"" 1.58"" 0.94"" 0.98"" 1.16"*' 
Differences in average yields within the same mowing trea tment less than the following are not considered significant: 
At the 5 per cent level 0.24 0.22 0.26 0.35 
At the l per cent level 0.32 0.29 0.34 0.47 
Differences in average yields in different mowing treatments less than 
At the 5 per cent level 0.29 0.36 
At the l per cent level ... .. . 0.39 0.48 
0.25 0.18 
0.33 0.24 
the following are 
0.25 0.19 
0.33 0.25 
0.20 
0.26 
not considered significant: 
0.21 
0.28 
1 Yield relati ve to the average of all bromegrass plots of the same age and receiving the same mowing treatment, taken as 100. 
• Difference between mowing treatments exceeds the 5 per cent level of significance. · 
• • Difference between mowing treatments exceeds the 1 per cent level of significance. 
Relative 
all plots 
5-yr. I 3-yr. 
Pct.1 Pct .1 
7-1 75 
60 63 
56 42 
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During the first two years of the tests, factors other than mowing 
treatment appear to have limited the production of high yields. Ac-
cordingly, no over-all effects of mowing treatment were significant as 
measured by the F test, comparing mean squares for treatments with 
those for errors (a). (See Appendix B-1939 and 1940 Data, Table 12.) 
Certain large differences between the average hay and pasture yields 
of buffalograss in 1939 and of blue grama in 1940, previously discussed, 
appear to be real differences although not shown to be statistically 
significant by these tests. Differences due to mowing treatment were 
for the most part cumulative with the plots established in 1938, and 
showed up in later years when yields were higher. 
Relatively higher yields were obtained in the last three years of the 
experiment than in the first two years and the differences resulting 
from mowing treatments were more pronounced. In 1941, highly sig-
nificant differences between hay and pasture yields were obtained on 
bromegrass plots of both ages and on plots of crested wheatgrass, Ken-
tucky bluegrass, and switchgrass. The yields of western wheatgrass, 
Russian wildrye, big bluestem, blue grama, and side-oats grama re-
mained relatively low in their respective groups and differences due to 
mowing treatment were not shown to be significant in the 1941 test. 
The highest yields of the experiment were produced by most of the 
grasses in 1942. Bromegrass, crested wheatgrass, western wheatgrass, 
and switchgrass produced significantly higher yields harvested as hay 
than by more frequent clipping. Differences in favor of the hay yields 
were also obtained with blue grama, big bluestem, and Kentucky blue-
grass although not shown to be significant in this year's test. Kentucky 
bluegrass produced a good yield in 1942 when clipped frequen tly, 
because of the more favorable moisture relations. Buffalograss, on the 
other hand, had produced consistently more growth on the frequently 
cut plots throughout the period since the first year of the tests, the 
plots cut once a year becoming more weedy in each successive year. 
In 1943 the cumulative effects of mowing treatment became signifi-
cant in the yields of big bluestem, side-oats grama, and buffalograss as 
well as in the yields of bromegrass, crested wheatgrass, Kentucky blue-
grass, and switchgrass which had previously shown the effects of such 
trea tment. Yields of all of these grasses had been decreased by the 
frequent mowing treatment, with the exception of buffalograss, which 
showed smaller yields in the hay plots. This was due to a gradual 
loss of stand during the last three years through the effects of shading 
by weeds and taller invading grasses. 
All but one of the grasses tested showed differences in either the 
five-year or three-year average yields resulting from mowing treatment. 
T he ·taller or higher yielding grasses were more consistently decreased 
in yield by increased severity of mowing treatment. The relatively 
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high yields of bromegrass and crested wheatgrass were consistently 
decreased by frequent clipping. Yields of big bluestem were also sig-
nificantly decreased by the cumulative effect of frequent clipping as 
shown in 1943, when its maximum yields were obtained, and in the 
three-year and five-year average yields. Switchgrass, which gave the 
highest yields in the first year, gave a poor response and was reduced 
in yield in all of the following years under both clipping treatments. 
Russian wildrye gave relatively low yields in its group and accordingly 
showed no effect of mowing treatment on yield. 
The short grasses were mowed more closely than the taller grasses. 
In spite of this, they withstood the more frequent clipping treatment 
better than the taller grasses. Although bluegrass gave significantly 
higher yields in the hay plots in three out of five years, it did relatively 
well under frequent mowing treatment in 1942, a year of favorable 
moisture in which it made its best yields. Blue grama produced higher 
hay yields than pasture yields in all five years, the difference being 
largest in the second year of the tests. Once it became well established, 
the differences between treatments were not significant, the yields 
under frequent clipping being relatively high. The other short grass, 
buffalograss, profited most from the close and frequent mowing. 
Changes in the Stands of Grass 
ESTIMATES OF RELATIVE stands of the several grasses were made on all 
of the plots each year of the experiment. The amount of grass in 
the plot was compared to what was considered a full stand in the rows 
or the plots in a given year on the basis of 100 per cent. The concept 
differed somewhat among the different kinds of planting of the grasses. 
Plots of bromegrass, western wheatgrass, big bluestem, switchgrass, and 
buffalograss which had been planted initially in one-foot spaced rows
soon grew together to produce the same effect of solid planting as ob-
tained in the close-drilled or broadcast plots. Crested wheatgrass and 
Russian wildrye maintained a basal cover which showed the effects of 
row spacing, although the plots of these grasses appeared to be sup-
porting a maximum of growth at all times during the experiment. 
Averages of the estimates from six replications in each of the mowing 
treatments are presented in Table 7. Although these figures are not 
critical evaluations, they represent certain observed trends in the com-
position of the plots and as such are explanatory of some of the yields 
obtained. 
The major changes in the plots that took place during the five-year 
period were the increases in stand of the dominant grasses and the 
losses in stand due either to treatment or to competition of invading 
species. 
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TABLE 7 .-Average ratings of stands of the several grass plots under the two mowing 
treatments taken during the five-year period, 1939-1943.1 
May . August October July October Kind of grass plot 1939 1940 1941 1942 1943 
Pct. Pct. Pct . Pct. Pct. 
Plots established in 1939-1940 
Bromegrass (I) Hay 90 90 95 98 
Pasture 90 87 97 98 
Bromegrass (2) Hay 94 90 96 98 
Pasture 93 84 96 98 
Crested wheatgrass Hay 88 92 97 95 
Pasture 92 90 97 89 
, ves tern wheatgrass Hay 93 93 88 91 
Pasture 89 92 89 70 
Russ ian wildrye H ay 86 92 98 97 
Pasture 82 87 97 95 
Plots established in 1938 
Bromegrass (A) Hay 77 82 81 92 . 98 
Pasture 73 80 80 97 97 
Bromegrass (B) Hay 68 77 78 89 98 
Pasture 77 82 81 98 98 
Kentucky bluegrass Hay 75 77 78 95 98 
Pasture 73 73 62 93 98 
Orchardgrass Hay 34 28 24 43 27 
Pasture 33 32 33 40 33 
Bu ffalograss Hay 79 97 89 67 50 
Pasture 78 97 91 84 76 
Blue grama Hay 95 95 91 98 94 
Pasture 95 95 86 99 96 
Side-oats grama Hay 86 80 66 82 90 
Pasture 86 80 53 89 90 
Switchgrass H ay 91 89 73 68 52 
Pasture 92 88 46 45 34 
Big bluestem Hay 87 88 81 95 98 
Pasture 87 88 68 84 92 
1 Figures presented are averages o f estimates taken on six plots. 
Bromegrass in plots of both ages showed definite trends towards 
maximum stands and a dominance over weed growth after the first 
year. These plots were not invaded by other grasses in subsequent 
years. The trend towards a full stand is best shown in the plots estab-
lished in the spring of 1938, as these broadcas t plots were slower in 
becoming established than the row spacings in 1940. Russian wildrye, 
crested wheatgrass, and western wheatgrass showed a similar tendency 
towards the maintenance of pure stands of grass. The wheatgrasses, 
especially western wheatgrass, became somewhat weedy under the more 
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frequent clipping treatment towards the end of the experiment, as is 
also indicated by a slight loss of stand. Kentucky bluegrass also showed 
a dominance over other grasses in its plots and although weedy in the 
first years, it produced practically a full cover under the favorable 
moisture conditions of the last two years. It also invaded plots of 
other grasses including orchardgrass, alfalfa, and to a greater or less 
extent the plots of all of the warm-season grasses. Of the cool-season 
grasses, orchardgrass maintained the poorest stands. Only three plots 
in each of the mowing treatments maintained sufficient stand for yield 
determinations in the first year of testing. Stands were completely 
lost in the other replications of this grass, making it impossible to 
obtain comparable yields throughout the period. 
Of the warm-season grasses, buffalograss made its maximum spread 
by the end of the second year, occupying the whole of the plots by the 
end of 1940. In the period of more favorable moisture relations fol-
lowing the first two years, the stands were gradually shaded out by 
weed growth and invading taller grasses in the plots cut once for hay. 
Even in the pasture plots, the stands were reduced by competition in 
these years. Switchgrass and side-oats grama suffered greatly from 
the invasion of weeds and other perennial grasses, chiefly bluegrass. 
Switchgrass responded to the mowing treatment with a continued loss 
of stand after the first year, the more frequent mowing treatment 
producing the greater loss. Blue grama and big bluestem showed 
greater dominance over weed growth and invasion of other grasses 
than the other warm-season grasses. Although very weedy in the early 
years, when they were once established these grasses produced nearly 
pure stands. 
Effects of Mowing Frequency on Protein Content and Yield 
TOTAL YIELD IS only one of the factors which should be used in evalu-
ating a given grass. Probably the most important factors next to those 
of adaptation and total yield are those of the quality and palatability 
of grasses as forage. Much has been written about the value of pasture 
grasses in supplying protein, vitamins, etc., in the feed of animals 
(2, 3, 4, 5, 7, 8). Although these factors must necessarily be evaluated 
finally by experiments involving the grazing animal, it is of interest 
and value to consider some of the outstanding differences in the chemi-
cal composition of different grasses at various stages of growth. Crude 
protein is a particularly valuable criterion of pasture forage. The 
content of carotene, the precursor of vitamin A, has been shown to be 
closely associated with crude protein (3, 4). 
Crude protein content of the grasses was determined in this experi-
ment from samples of the clippings made on each of the dates of 
harvest during a four-year period, 1940 to 1943. Results of the protein 
TABLE 8.-Crude protein content of the forage of 11 grasses and alfalfa harvested as hay or clipped to simulate grazing during four 
seasons, 1940 to 1943. Data expressed in percentages of dry weight. 
Kind of crop 
and mowing treatment 
1940 · 1941 I 1942 I 1943 I Aver -
May May June July Aug. Sept. May June\ June I July \ July\ Oct. May I June I July I July \ Sept. May \ June \ July \ July age 
4 31 25 2 30 5 6 7 I 4 11 24 II 9 3 I O 31 22 I 4 I 8 _ 27 _ 29 
Plots established in 1939-1940 ":' 
Bromegrass ( ! ) Hay 13.9 14.2 8.1 12.1 
Pasture 23.8 21.6 21.2 29.6 20.4 19.1 17.1 19.5 16.8 11.8 20.2 20.1 
Bromegrass (2) Hay 13.3 11.8 8.7 11.3 
Pasture 22.8 20.6 20.8 28.4 21.4 22.1 20.0 22.5 19.9 II.I 20.6 20.9 
Crested wheatgrass Hay 15.2 I 1.4 10.2 12.3 
Pasture 26.4 17.6 20.9 26 .3 23.0 22.2 18.2 25.2 17.8 13.3 22.3 21.2 
Western wheatgrass Hay 15.3 14.0 12.7 14.0 
Pasture 21.3 14.2 14.5 19.7 21.6 17.0 18.4 17.5 15.0 15.1 17.4 
Russian wild rye Hay 17.5 14.4 15.9 15.9 
Pasture 26.1 21.4 21.4 25.3 19.2 21.7 18.5 24.1 15.4 17.8 18.6 20.9 
Alfalfa 1 (check) H ay 17.5 I 7.4 17.5 
Pasture I 7.4 28.3 23 .3 11.6 18.1 19.7 
Average of cool- Hay ...... 15.0 13 .2 JI .I 13.1 
season grasses Pasture 24.1 19.1 19.8 25.9 21.1 20.4 18.4 22.8 17.5 13.8 19.4 20.2 
Plots established in 1938 
Bromegrass (A) Hay 18.J 10.0 8.0 7.8 11.0 
Pasture 21.4 20.4 22.7 24.0 19.0 14.7 19.1 25.4 18.5 13.8 17.5 21.3 15.8 10.4 I S.I 18.8 
Bromegrass (BJ Hay 18.0 10.8 10.2 8.6 11.9 
Pasture 21.2 20.2 19.2 22.0 23 .8 14.4 19.1 25.6 19.7 18.3 17.9 21.8 16.6 10.3 19.1 19.3 
Kentucky bluegrass H ay 14.1 8.8 8.8 6.4 9.5 
Pasture 21.7 18.2 17.6 21.7 16.7 13. l 14.5 19.6 16.4 15.0 17.2 17.7 14.6 11.9 15.4 16.8 
Orchardgrass H ay 8.8 7.3 11.3 9.1 
Pasture 25.5 14.8 8.2 15.4 17.2 11.9 14.3 14.1 15.1 
Average of cool- Hay 16.7 9 .6 8.6 8 .5 10.8 
uason grasses Pasture 21.7 19.6 19.8 22.9 19.8 14.1 17.6 24.0 17.4 1, ,8 17.0 19.5 14.7 11.7 16.7 18.0 
Buffalograss H ay 11.6 8.3 8.4 9.0 9.3 
Pasture 11.8 13.4 10.7 11.6 8.7 12.1 11 .5 10.8 13.3 13.3 11.7 
Blue grama H ay 11 .4 7.2 6.3 8.0 8.2 
Pasture 13.3 11.3 10.6 10.4 9.2 12.0 9.0 10.2 10.9 8.4 10.5 
Side-oats grama H ay 13.8 6.0 5.2 5.3 7.6 
Pasture 12.0 13.0 9.1 9.0 6.8 12.5 8.3 9.2 8.9 8.4 9.7 
Switchgrass H ay 15.1 9.1 7.4 5.6 9.3 
Pasture 14.1 15.7 14.5 12.5 7.1 16.4 11.9 13.7 10.3 12.9 
Big bluestcm H ay 12.0 6.4 6.2 5.7 7.6 
Pasture 12.7 14.7 12.2 ll.l 8.2 12.8 II.I IO.I 7.9 11.2 
Average of warm- Hay 12.8 7.4 6.7 6.7 8.4 
season grasses Pasture 12.11 13.6 11.4 10.9 8.0 Jl .2 10.4 10.i 11 .4 9 .7 11 .2 
1 Protein determinations of alfalfa not included in averages. 
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determination from these samplings are presented in Table 8. Data 
obtained during four years are given on those grasses es tablished in 
1938 and for three years on those grasses started in the fall of 1939 
and spring of 1940. Figures are presented for three groupings of 
grasses: two groups of cool-season grasses of different ages, and one 
group of warm-season grasses. 
Crude protein content of clippings from plots mowed frequently 
during the season ranged much higher than the protein from plots 
harvested once a season as hay, as demonstrated by all of the grasses 
and by the few samples of alfalfa. The protein content of grasses 
harvested once a year at a stage approaching a maximum production 
is a function of increasing maturity of the grass. As the yield increases 
and the culms and seed h eads are formed, the percentage of crude 
protein decreases. 
Protein content of the cool-season grasses harvested frequently dur-
ing the season compared favorably with the protein content of alfalfa. 
Protein is highest in the young growth of cool-season grasses in the 
early spring and in the fall months. 
Cool-season grasses produced larger percentages of crude protein 
than the warm-season grasses under the comparable conditions of this 
experiment. Although this is an interesting difference, a further evalu-
ation of the protein quality of the grasses in these two groups would 
be necessary before ascribing differences in their relative feeding value. 
Warm-season grasses produced their best growth during late spring 
and early summer, with a decrease in percentage of protein corre-
sponding to the increase in maturity in late summer. A relatively 
high percen tage of protein may be maintained by keeping the grass 
in a vege tative stage of growth by frequent clipping. 
There appears a definite tendency toward a d ecrease in the protein 
content of grasses from year to year with the increase in age of the 
planting. This trend is, no doubt, associated with the tendency of 
grasses to become sodbound with an increase of undecayed carbonace-
ous root materials which limits the availability of nitrogen . 
Calculated protein yields per acre of the several grasses are presented 
in Table 9 for the _four-year period, 1940 to 1943. These calculations 
were made directly from the dry weight yields and the protein d e-
terminations. Because of relatively higher total yields and protein 
content, the cool-season grasses produced higher protein yields than 
the warm-season grasses as a group. Bromegrass outyielded all of the 
other grasses in protein produced, followed by the other cool-season 
grasses in the same order as in· total production. Buffalograss and big 
bluestem gave the highest protein yields of the warm-season grasses 
when harvested as pasture. 
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TABLE 9.-Annual and average yields of crude protein per acre, produced by different 
grasses with two mowing treatments during the four-year period, 1940-1943. 
Kind of grass I I R elative 1940 1941 1942 1943 Average to brome-
and mowing treatment rass 
Lbs. Lbs. Lbs. Lbs. Lbs. Pct. 
Plots established in 1939- 1940 
Bromegrass (1) Hay 566 880 239 562 106 
Pasture 661 815 292 589 99 
Bromegrass (2) Hay 529 695 277 500 94 
Pasture 669 860 281 603 101 
Crested wheatgrass H ay 544 535 281 453 85 
Pas ture 603 690 234 509 85 
Western wheatgrass Hay 352 550 295 399 75 
Pas ture 362 500 292 385 65 
Russian wildrye Hay 241 541 235 339 64 
Pasture 238 768 230 412 69 
Average of cool- Hay 446 640 265 451 
season grasses Pasture 507 727 266 500 
Plots established -in 1938 
Bromegrass (A) Hay 326 438 370 185 330 97 
Pasture 378 398 549 221 387 93 
Bromegrass (B) Hay 274 449 464 201 347 103 
Pasture 412 500 649 218 445 107 
Kentucky bluegrass H ay 162 213 279 172 207 61 
Pasture 135 168 488 211 251 60 
Average of cool- Hay 254 367 371 186 294 
season grasses Pasture 308 355 562 217 361 
Buffalograss H ay 240 210 218 79 187 55 
Pasture 298 328 356 322 326 78 
Blue grama Hay 266 107 233 222 207 61 
Pasture 171 107 432 259 242 58 
Side-oats grama Hay 86 56 129 165 109 32 
Pasture 89 75 235 169 142 34 
Switchgrass H ay 52 166 166 101 121 36 
Pasture 80 101 116 37 84 20 
Big bluestem Hay 148 136 254 256 199 59 
Pasture 141 225 400 298 266 64 
Average of warm- Hay 158 135 200 165 165 
season grasses Pasture 156 167 308 217 212 
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With some variations from year to year, most of the grasses pro-
duced higher protein yields per acre when harvested frequently to 
simulate pasturing than when harvested once a year approaching 
maturity. This was true in spite of the fact that total yields from the 
frequently harvested plots were cumulatively lower than those har-
vested as hay. 
DISCUSSION OF RESULTS 
The several grasses tested in this experiment were subject to widely 
varying sets of conditions over the five-year period, 1939 to 1943. Their 
responses show the necessity of careful selection of adapted grasses for 
purposes of seeding. Most of the five cool-season and five warm-season 
grasses showed to advantage in one way or another during the tests. 
Such results are encouraging when it is also considered that most of 
these grasses are being improved by the selection of superior high-
yielding varieties with which even better results may be achieved. 
Most of the grasses which produced reasonably high yields were 
reduced in total yield by frequent clipping as compared with harvest-
ing once a year as hay. Short grasses withstood the close, frequent 
clipping better than the tall, high-yielding grasses. It may be assumed 
from the results that the frequent clipping of the tops also affected 
the production of roots. Effects of frequent clipping were greater in 
the years of favorable moisture and high yields. These effects were 
also cumulative over the period of years. 
The value of good pasturage in contributing to animal health is 
well recognized. Such forage provides not only an abundance of 
energy foods but is usually rich in the necessary minerals, proteins, and 
vitamins. The protein determinations in this experiment indicate 
that the best utilization of grasslands would be as pasture rather than 
as hay in order to take advantage of the high protein and associated 
qualities of herbage thus harvested. 
On the other hand, the relatively high yields of grasses when cut 
only once a year as hay suggest the desirability of a periodic alterna-
tion in the use of grasslands from pasture to hay or seed crops. Such 
a change in management from time to time for a given acreage would 
result in the restoration of root reserves and would tend toward the 
maintenance of production on a relatively high level. 
SUMMARY 
RESULTS ARE PRESENTED on the adaptation, yield, and forage quality 
of several grasses subjected to different frequencies of harvesting over 
a five-year period. 
The choice of grasses included in the study was influenced by the 
weather conditions, availability of soil moisture, and the depredations 
of grasshoppers during establishment. Several grasses were eliminated 
from consideration by the operation of unfavorable factors during this 
p eriod and were replaced by others. Total yield and protein content 
determinations were obtained on five cool-season and five warm-season 
grasses which proved well adapted to a wide range of conditions. 
Yields were obtained by mowing replicated plots of each grass in 
two ways during the five-year period. One set of plots was mowed once 
each season as hay at the approximate time of maximum production 
of each grass. Another set was mowed several times during each season 
to simulate grazing. 
Cool-season grasses produced the larger part of their total yield 
earlier in the season than the warm-season grasses. The desirability 
of having pastures of different grasses for different seasons of use is 
suggested, if a maximum pasturage is to be obtained throughout the 
season in this region. 
At one time or another during the experiment, each of the different 
grasses showed to advantage in one respect or another. Switchgrass 
was the highest yielding grass in the first year in which production 
was measured, but was most severely damaged by the mowing treat-
ments and weed invasion. In years of limited moisture the two short 
grasses, blue grama and buffalograss, showed to advantage in average 
yields. They withstood frequent clipping better than did the other 
grasses. Buffalograss produced higher yields on the more frequently 
clipped plots than on plots cut once a season. Loss of stand occurred 
on plots of this grass cut only once a year. 
Bromegrass, crested wheatgrass, Russian wildrye, and Kentucky blue-
grass among the cool-season grasses and blue grama and big bluestem 
of the warm-season grasses maintained the best stands. 
Bromegrass gave the best performance among all the grasses, the 
cool-season grasses in particular. Big bluestem appears to have the 
greatest potential yielding ability of any of the grasses compared but 
is low in yield during the early years of its establishment. 
Crude protein content of all the grasses decreased with an increase 
in maturity. The protein p ercentages were maintained at a higher 
level in the clippings from plots harvested to simulate grazing than 
from hay plots, since frequent clipping kept the grasses from approach-
ing maturity or producing culms or seed. The cool-season grasses as a 
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group contained larger percentages of crude protein and produced 
larger protein yields p er acre than the warm-season grasses. 
A cumulative effect of frequency of clipping was shown in the de-
creased yields from frequently clipped plots of most of the grasses as 
compared to the yields from plots clipped only once at maximum yields. 
In spite of the decreased yields as an effect of frequent clipping, the 
calculated protein yields per acre were usually as high or higher from 
those plots as from those harvested at a more mature stage. 
The comparison of protein yields suggests the desirability of utiliza-
tion of grasses in immature stages as pasture. Maintenance of rela-
tively high total yields by less frequent clipping suggests that a periodic 
alternation in the use of grasslands from pasture to hay and seed crops 
would tend to build up reserves and maintain a high level of pro-
duction. 
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APPENDIX A 
Climatological Data 
TABLE 10.-Annual precipitation at Lincoln, N ebr., for the years 1930 to 1943 and 
the accumulated deficits below the 67-year average of 26.95 inches.I 
Departure Accumulated deficits Annual l Year precipi~ from the For the previous tation 67-year For the 
normal period I 5 years I 3 years 
Inches Inches Inches Inches Inches 
1930 20.74 6.21 6.21 
1931 34.30 + 7.35 1932 26.19 0.76 
1933 26.50 0.45 0.07 
1934 17.23 9.72 9.79 9.79 10.93 
1935 25.35 1.60 11.39 5.18 11.77 
1936 14.09 -12.86 24.25 25.39 24.18 
1937 19.36 7.59 31.84 32.22 22.05 
1938 28.35 + 1.40 30.44 30.37 19.05 1939 19.73 7.22 37.66 27.87 13.41 
1940 23.17 3.78 4 1.44 30.05 9.60 
1941 26.06 0.89 42.33 18.08 11.89 
1942 28.82 + 1.87 40.46 8.62 2.80 1943 21.78 5.17 45.63 15.19 4 .19 
1 Data obtained from the Annual Meteorological Summaries for Lincoln. Nebraska, prepared by 
the U . S. Department of Commerce Weather Bureau. 
TABLE l l Monthly and annual precipitation in inches l at th e Agronomy Farm, Lincoln , Nebr., for th e years 19} 6 to 19·/J with th e 
departures from the 23-year average.
Month 1936 I l !):17 I 1938 I l!l '.l!J I IMO I !Ml I 1942 I 1943 I No rm al 
Ppt. I Dep. r;;,:-~ Ppl. I Dcp. ['pt. I Dcp. Ppt. I Dcp. Ppt. I Dep. Ppt. I Dep. Ppt. I Dep. Ppt. 
i:-s 
January 1.62 + 1.06 1.53 +0.97 0.23 - 0.33 0.43 - 0. 13 0.99 +0.43 1.57 + I.OJ 0.49 - 0.07 0 .1 4 - 0.42 0.56 ;:i l'1 
February 0.44 - 0.49 0.1 5 - 0.78 1.23 +0.30 1.16 +0.23 0.8.5 - 0.08 0.73 - 0.20 0.88 - 0.05 0.61 - 0.32 0.93 El 
"' 
March 0.08 - 0.98 1.79 +0.73 1.65 +0.59 2.38 + 1.32 1.21 +0.1 5 0.57 - 0.49 2.82 + 1.76 0.62 - 0.44 1.06 
0 
"1 
April 2.05 - 0.45 1.24 - 1.26 3.36 +0.86 1.51 -0.99 2.93 +0.43 3.94 + 1.44 0.91 - 1.59 1.90 - 0.60 250 s:: 0 
May 2.22 - 1.50 1.47 - 2.25 6.04 +2.32 1.54 - 2.18 0.82 - 2.90 2.39 - 1.33 5.47 + 1.75 3.24 - 0.48 3.72 ~ z 
~ 
June 0.97 - 3.35 3.54 - 0.78 2.35 - 1.97 5.03 +0.71 2.09 -2.23 2.95 - 1.37 4.42 +0.10 6.80 +2.48 ·l.32 ~ 
July 0.05 - 3.92 3.83 -0.14 1.97 - 2.00 2.92 - 1.05 2.09 + 1.88 0.72 - 3.25 1.17 - 2.80 4.14 +0. 17 3.97 ,0 ~ 
"' Augus t 1.94 - 1.76 2.23 - 1.47 4.37 +0ii7 3.38 - 0.32 4.98 + 1.28 1.1 5 - 2.55 3.44 -0.26 3.10 - 0.G0 3.70 zC'l 
-< 
September 3.45 - 0.15 1.07 - 2.53 4.05 +0.45 0.30 - 3.30 2.16 - 1.44 4.72 + 1.12 4.85 + 1.2,; 1.06 - 2.5·1 3.60 0 z 
October 0.39 - 1.54 2.29 +0.36 0.35 - 1.58 0.84 - 1.09 2.73 +o.so 3.03 + 1.10 1.05 - 0.88 1.69 - 0.24 1.93 0 
:0 
0.15 - 1.17 > November 0.05 1.27 1.56 +0.24 0.2·( - 1.08 1.97 +0.65 1.07 -0.25 0.27 - 1.05 0.82 - 0.50 1.32 "' 
"' t;; 
December 0.77 - 0.01 0.13 - 0.65 0.23 - 0.55 1.22 +o.44 1.36 +0.58 2.66 + 1.88 1.46 +0.68 0.05 - 0.73 0.78 
ANNUAL 14.03 - 14.36 19.42 - 8.97 27.39 - 1.00 20.95 - 7.44 24 .1 8 - 4.21 25.50 - 2.R9 27 .23 - l.l6 2~.17 - 4.22 28.3!) 
1 From reports of the U. S. Departm ent of Commerce Weather Bureau , Climatological Data- Nebraska Sectio n. " 
"° c, .. 
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APPENDIX B 
Statistical Analyses 
TABLE 12.-Analyses of variance of forage yields by years for the period 1939 to 1943. 
Source of 
Variation I 
Degrees I 1939 1940 
of -~-f-ea_n_, __ ~_f _ea_n_ 
freedom square square 
Between treatments 
Between blocks 
Error (a) 
I 
5 
5 
Between species 7 
Species x treatments 7 
Error (b) 70 
TOTAL 95 
0.0013 
0.1625 
0.1247 
0.11 34 
0.3457 
0.0884 
1.1 678*" 1.1721 ** 
0.3322"* 0.1408"* 
0.0438 0.0360 
Degrees 1~1941 1 1942 
of Mean -~- l-e-an--l--~-f-e-an-
freedom squ are squ are square 
1943 
I 
5 
5 
12 
12 
120 
155 
6.0102** 6.9300"* 4.4238*" 
0.4846 0.4736 0.0847 
0.2667 0.1694 0.0574 
2 .8992** 2.7811 "" 1.4115** 
0.3689"* 0.4407 * * 0.4694** 
0.0497 0.0962 0.0466 
• • Ind icates an F value which exceeds the I per cent level of significance. 
TABLE 13.-Analyses of variance of the five- year (1939-1943) forage yields and of the 
three-year (1941-1943) forage yields. 
Five-year average Three- year average 
Source of Variation (1939-1943) (1941-1943) Degrees of Mean Degrees of I Mean freedom s uare 1 freedom ~ uare 1 
Between treatments .5 .3784** l 17.2194"* 
Between blocks 5 0.6922 5 0.8275 
Error (a) 5 0.2139 5 0.2561 
Between species 7 3.0994*" 12 ·1.4047** 
Species x trea tments 7 0.5591 ** 12 0.9187** 
Error (b) 70 0.1199 120 0.0883 
Between years 4 12.1652** 2 22 .383 1 ** 
Years x treatments 4 0.7205 ** 2 0.0723 
Years x blocks 20 1.0381 ** 10 0.1078 
Years x species 28 1.5349** 24 1.3455*" 
Years x trea tments x species 28 0.3737 ** 24 0.1802" 
Error (c) 300 0.0486 250 0.0547 
TOTAL 479 467 
1 Mean squares are on an individual plot-year basis. 
• Indicates an F value which exceeds the 5 per cent level of significance. 
• • Indicates an F value which exceeds the l per cent level of significance . 
